Introduction
============

Pancreatic cancer (PC) is among the leading cause of deaths with an overall 5-year survival rate of about 6% [@B1]. Although Gemcitabine was widely used in the treatment of patients with pancreatic cancer, the response rate is low. Targeted therapy has been effective against the most common cancer, but the number of targeted drugs for pancreatic cancer is extremely limited [@B2]. Identifying targets is an important prerequisite for the development of cancer targeted drugs. Therefore, it is necessary to identify novel cancer targets.

Alpha-enolase is a key multifunctional enzyme involving in the glycolytic pathway, and it would determine the distinct function depending on its subcellular localization. It has been implicated in a great number of diseases including infection, inflammation and cancer. Besides its role in glycolysis, alpha-enolase was over-expressed in many different types of cancer, and played key roles in cancer progression [@B3]-[@B5]. Furthermore, targeting alpha-enolase monoclonal antibody could significantly suppress lung metastases in an experimental animal model of pancreatic cancer [@B6].

Despite the potential implication of alpha-enolase in cancer progression, no previous studies have examined its level and clinical significance in pancreatic cancer tissues.

In this study, we aimed at evaluating alpha-enolase level in PC tissues by IHC analysis, and investigating the association of alpha-enolase expression with clinicopathologic features.

Results
=======

Higher Alpha-enolase mRNA level identified in pancreatic cancer using the Oncomine database
-------------------------------------------------------------------------------------------

To roundly investigate alpha-enolase level in pancreatic cancer tissues, we analyzed the independent datasets from Oncomine. The results showed that alpha-enolase mRNA levels in pancreatic cancer tissues were significantly higher than normal tissue in two independent dataset (Figure [1](#F1){ref-type="fig"}).

Higher expression of alpha-enolase protein detected in pancreatic cancer tissues
--------------------------------------------------------------------------------

The protein expression levels of alpha-enolase in PC and adjacent normal tissues were examined by IHC analysis. As showed in the Figure [2](#F2){ref-type="fig"}, the alpha-enolase expression was evaluated in 47% (47/100) PC samples, but found weak or no staining in normal pancreatic tissues. Moreover, membranous expression of alpha-enolase was also observed in 29.8% (14/47) alpha-enolase positive samples. Statistical analysis indicated that high levels of total alpha-enolase expression was significantly associated with Lymph node involvement (P=0.032) and Stage (P=0.035). There was no significant association with other clinicopathologic variables (Table [1](#T1){ref-type="table"}). Importantly, we also found that the location of alpha-enolase expression was significantly associated with Lymph node involvement (P=0.016) (Table [2](#T2){ref-type="table"}).

Correlation between alpha-enolase and Ki67, p53 in pancreatic cancer tissues
----------------------------------------------------------------------------

It has been reported that alpha-enolase is involved in cancer proliferation and progression [@B5]. And, two conventional markers including Ki67 and p53 were also widely used to predict the prognosis of cancer patients. Then, we evaluated their expression in the same tissue array by IHC. The results demonstrated that high Ki67 expression was detected in 39% (39/100), and positive p53 staining was found in 48% (48/100). Statistical analysis indicated that high levels of alpha-enolase were significantly associated with elevated Ki67 (P=0.02) and p53 (P=0.001) expression. Spearman correlation analysis also revealed that aberrant expression of alpha-enolase was positively associated with Ki67 expression and inversely correlated with p53 expression in PC samples (Table [3](#T3){ref-type="table"}). These observations demonstrated that over-expression of alpha-enolase might play important roles in cancer progression.

Alpha-enolase expression was associated with overall survival in PC patients
----------------------------------------------------------------------------

Kaplan-Meier analysis was used to examine if the different locations of alpha-enolase expression correlated with PC patient\'s survival. Our data showed that high levels of total alpha-enolase expression was significantly correlated with overall survival of PC patients (p\<0.001). On the contrary, the expression of membranous alpha-enolase was significantly associated with better survival in pancreatic cancer patients. There was no significant correlation between high levels of ki67 or p53 and poor survival (Figure [3](#F3){ref-type="fig"}). Next, we performed the multivariate survival analysis by using Cox multivariate regression model. The results revealed that total alpha-enolase level (HR=2.469; 95% CI: 1.348-4.522; P=0.003) was an independent prognostic factor for pancreatic cancer (Table [4](#T4){ref-type="table"}).

Discussion
==========

Pancreatic cancer is one of the most lethal human cancers with poor prognosis. Most pancreatic cancer patients can not be early diagnosed and lack of effective treatment [@B7]. Although targeted therapy has shown effectiveness against most cancers, the number of targeted drug for pancreatic cancer is really limited. Therefore, it is necessary to identify novel drug target for pancreatic cancer to achieve the best clinical outcomes.

Alpha-enolase is a glycolytic enzymes responsible for converting glucose into pyruvate. It is also involved in various pathophysiological processes such as cell growth control and immune response [@B8]. Overexpression of alpha-enolase in monocyte could enhance plasmin activity and transmigration into the acute lung injury tissues [@B9]. During hypoxia, alpha-enolase was up-regulated by HIF-1α in retinal pigment epithelial cells, which might contribute to choroidal neovascularization [@B10].

Abnormal glycometabolism is the fundamental property of cancer cells [@B11]. Its dysregulation has been reported in several types of cancer, and was closely associated with cancer progression. Over-expression of alpha-enolase was found to play key roles in cancer cell proliferation and metastasis by activating FAK/PI3K/AKT pathway in non-small cell lung cancer (NSCLC) [@B5]. In glioma, up-regulation of alpha-enolase was responsible for cell growth, migration and invasion [@B3]. On the contrary, down-regulation of alpha-enolase was associated with poor overall survival in clear cell renal cell carcinoma [@B12]. In pancreatic cancer, alpha-enolase was found to be highly expressed in the cancer cell membrane, and alpha-enolase targeting mono-clonal antibody could significantly inhibit lung metastases in an experimental animal model [@B6]. Despite the potential implication of alpha-enolase for the cancer progression, no previous studies examined its level and clinical significance in pancreatic cancer tissues.

In this study, we firstly found that mRNA levels of alpha-enolase were significantly higher than normal tissue in two independent publicly available dataset in the Oncomine. Then, IHC assay revealed that alpha-enolase was highly expressed in pancreatic cancer tissues with a positive rate of 47% (47/100). Further statistical analysis indicated that high levels of alpha-enolase was significantly associated with Lymph node involvement and Tumor size. Previous studies proved that alpha-enolase has diverse functions depending on its localization. In this study, we found that alpha-enolase membrane positive expression rate was 29.8% (14/47) among the positive samples. And over-expression of membrane alpha-enolase was significantly associated with Lymph node involvement. It is possible that alpha-enolase, as a plasminogen receptor, could promote the plasminogen activation to facilitate cancer invasion [@B6]. p53 is a critical tumor suppressor protein, and its inactivation occur in most human cancers [@B13]. Moreover, Ki67 is a popupalr indicator for clinical pathology to estimate the tumor growth [@B14]. Therefore, we evaluated the expression of Ki67 and p53 in the same tissue array by IHC. The results showed that staining of Ki67 and p53 was mainly nucleus-positive, and Ki67 expression was detected in 39% (39/100) PC samples, and positive stain of p53 was found in 48% (48/100) specimens. Correlation analysis revealed that aberrant expression of alpha-enolase was positively associated with Ki67 and inversely correlated with p53 in pancreatic cancer tissues. These results indicated that alpha-enolase might modify cancer cell metabolism or degrade cell extracellular matrix to promote cancer progression. Then, we further proved the association between alpha-enolase abnormal expression and prognosis. We found that high alpha-enolase expression was significantly correlated with overall survival of PC patients. By contraries, membrane expression of alpha-enolase in tumor cells was significantly associated with better survival in patients with pancreatic cancer. Cox multivariate regression model demonstrated that alpha-enolase level (HR=2.469; 95% CI: 1.348-4.522; P=0.003) was an independent predictive factor of poorer prognosis for pancreatic cancer.

In conclusion, this study for the first time demonstrated that alpha-enolase level was significantly elevated in pancreatic cancer tissues, which was closely associated with an unfavorable prognosis, and it might be a candidate target for targeted cancer treatments. Certainly, further studies should be conducted to clarify the molecular mechanism of alpha-enolase in the pancreatic cancer progression.

Materials and Methods
=====================

Analysis of Oncomine Data
-------------------------

To determine the expression pattern of alpha-enolase in pancreatic cancer, the datasets in Oncomine database (<https://www.oncomine.org>) were used. Briefly, alpha-enolase gene was queried in the database and the results were filtered by selecting pancreatic cancer and Cancer vs. Normal Analysis. The data were displayed by using Box chart. P-values for each group were calculated using student t-test. Details of standardized normalization techniques and statistical calculations are provided on the Oncomine.

Tissue microarray and immunohistochemistry
------------------------------------------

The commercial tissue microarrays were constructed by Shanghai Biochip Co. Ltd., as described previously [@B15]. Briefly, the tissue microarrays including 100 pancreatic cancer patients and 80 adjacent normal tissues were prepared from archival formalin-fixed, paraffin embedded tissue blocks. A representative tumor area was carefully selected from a H&E-stain section. For all the specimens, clinicopathological information (age, gender, and pathology, differentiation, and TNM stage) and Follow-up information were available. Standard Avidin-biotin complex peroxidase immunohistochemical staining was performed. Briefly, after deparaffinizationin xylene and graded alcohols, heated antigen retrieval was done in citrate buffer (10mmol/L pH 6.0) by water-bath kettle heating for 30min. Endogenous peroxidase was blocked in 0.3% hydrogen peroxide for 10 min. Nonspecific binding was blocked by incubation in 10% normal animal serum for 10min. Sections were incubated at 4°C for 24 h with primary antibodies including polyclonal antibody against anti-alpha-enolase (ab85086, Abcam), Anti-p53 antibody (ab28, Abcam) and anti-Ki67 (ab833, Abcam). Next, biotinylated secondary antibodies and horseradish peroxidase labeled avidin were incubated with samples. Color was developed using the DAB method.

Immunostaining analysis
-----------------------

The tissue cores on slides were independently evaluated by 2 two pathologists who were blinded to patients\' clinical data. They adopted semi-quantitative scoring system in considering the staining intensity and area extent, which has been widely accepted and used in previous studies [@B16]. The levels of alpha-enolase, P53 and Ki67 were scored by staining intensity and the percentage of immunoreactive cancer cells. Total staining intensity was arbitrarily scored on a scale of four grades: 0 (no staining of cancer cells), 1 (weak staining), 2 (moderate staining), and 3 (strong staining), and the percentage of positive cells was scored as follows: 0 (0%), 1 (1% to 50%), 2 (51% to 80%), and 3 (\>80%). The staining positivity was determined using the following formula: overall score=positive percentage score x intensity score. For total alpha-enolase expression, a score of 0 to≤3 was defined as "0, Negative", and \>3 as "1, Positive". For membrane staining score, ≤10% membranous staining of cancer cells was scored as \"0, Negative\", and \>10% membranous staining of cancer cells was scored as \"1, positive\". For Ki67 or p53, a score of 0 to≤1 was defined as \"0, Negative\", and \>1 as "1, Positive". The interobserver variation was below 5%.

Statistical Analysis
--------------------

The SPSS 15 software package (SPSS, Inc., Chicago, IL) was used for statistical analysis. The association between the immunoreactive markers and clinicopathologic features was analyzed using χ2-test or two-sided t-test as appropriate. The log-rank test was performed to examine the association of alpha-enolase with overall survival.

Cox regression model was used to analyze the significance of various variables for survival. Spearman\'s rank correlation coefficient and Fisher\'s exact test were used to explore the association among alpha-enolase, p53 and Ki67 expression. All comparisons were two-tailed, and p \< 0.05 was considered significant.
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![**alpha-enolase mRNA level in human pancreatic cancers using the Oncomine database.** A. alpha-enolase mRNA expression in Pei Pancreas dataset. B. alpha-enolase mRNA expression in Logsdon Pancreas dataset.](ijmsv14p0655g001){#F1}

![**Alpha-enolase, p53 and ki67 expression in pancreatic cancer tissues were determined by immunochemistry.**A. Positive expression of Alpha-enolase, p53 and ki67. B. alpha-enolase membranous and total expression of Alpha-enolase.](ijmsv14p0655g002){#F2}

![**Survival curves for pancreatic cancer using the Kaplan-Meier method and the log-rank test.**A. Overall survival curves for patients with negative Alpha-enolase expression (real line) and patients with positive Alpha-enolase (dotted line). B. Overall survival curves for patients with negative ki67 expression (real line) and patients with positive ki67 expression (dotted line). C. Overall survival curves for patients with negative p53 expression (real line) and patients with positive p53 expression (dotted line). D. Overall survival curves for patients with Alpha-enolase membranous expression (real line) and patients with Alpha-enolase total expression (dotted line).](ijmsv14p0655g003){#F3}

###### 

Correlation between total alpha-enolase expression in pancreatic cancer tissues and clinicopathological parameters

  ------------------------------------------------------------------
                               Alpha-enolase   \           
                                               p-value     
  ---------------------------- --------------- ----------- ---------
  **Gender (Male: Female)**    31:22           31:16       0.443

  **Age**                      61.2±11.7       62.2±11.0   0.648

  **Depth of invasion**                                    0.295

  **T1+ T2**                   44              35          

  **T3+ T4**                   9               12          

  **Lymph node involvement**                               0.032\*

  **N0**                       35              21          

  **N1**                       18              26          

  **Distant metastasis**                                   0.129

  **M0**                       53              45          

  **M1**                       0               2           

  **Stage**                                                0.035\*

  **1**                        28              15          

  **2+3+4**                    25              32          

  **Grade**                                                0.385

  **1+2**                      49              41          

  **3**                        4               6           

  **Ki67**                                                 0.02\*

  **negative**                 38              23          

  **positive**                 15              24          

  **P53**                                                  0.001\*

  **negative**                 19              33          

  **positive**                 34              14          
  ------------------------------------------------------------------

###### 

Correlation between alpha-enolase localization in pancreatic cancer tissues and clinicopathological parameters

                               Alpha-enolase   p-value   
  ---------------------------- --------------- --------- ---------
  **Depth of invasion**                                  0.297
  **T1+ T2**                   26              9         
  **T3+ T4**                   7               5         
  **Lymph node involvement**                             0.016\*
  **N0**                       11              10        
  **N1**                       22              4         
  **Distant metastasis**                                 0.523
  **M0**                       32              13        
  **M1**                       1               1         
  **Stage**                                              0.083
  **1**                        8               7         
  **2+3+4**                    25              7         
  **Grade**                                              0.839
  **1+2**                      29              12        
  **3**                        4               2         
  **Ki67**                                               0.587
  **negative**                 17              6         
  **positive**                 16              8         
  **P53**                                                0.414
  **negative**                 22              11        
  **positive**                 11              3         

###### 

The Correlation between alpha-enolase and Ki67, P53

                                              Ki67       P53
  ----------------- ------------------------- ---------- ------------
  alpha-enolase     Correlation coefficient   .223^\*^   -0.343\*\*
  Sig. (2-tailed)   .020                      .000       
  N                 100                       100        

\*\*. Correlation is significant at the 0.01 level (2-tailed).

\*. Correlation is significant at the 0.05 level (2-tailed).

###### 

Multivariate analysis of Cox Proportional Hazards Model for pancreatic cancer

  Characteristics          B       SE     Wald    df   Sig.     Exp(B)   95.0% CI for Exp(B)   
  ------------------------ ------- ------ ------- ---- -------- -------- --------------------- -------
  alpha-enolase            .904    .309   8.575   1    .003\*   2.469    1.348                 4.522
  Stage                    .543    .513   1.118   1    .290     1.721    .629                  4.707
  Lymph node involvement   .159    .450   .124    1    .724     1.172    .485                  2.829
  Depth of invasion        -.456   .367   1.550   1    .213     .634     .309                  1.300
  Grade                    .304    .398   .584    1    .445     1.356    .621                  2.960
  KI67                     -.187   .276   .457    1    .499     .830     .483                  1.426
  P53                      -.114   .272   .177    1    .674     .892     .523                  1.520
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